




“Our furniture might someday be comprised of a multitude 
of interconnected assemblies of robotic modules that can 
reconfigure	themselves	for	a	variety	of	desires.” 
Michael Fox & Miles Kemp
“Liquid Architecture is an architecture that breathes, pulse, 
leaps as one form and ends as another…it is an architecture 
that opens to welcome me and closes to defend me.” 
Marcos Novak
§  6.1 Architecture as Body

















































requirements in real-time. Following the notion of “architecture as organic bodies”, 





main traits of being an interactive architecture: Dis-measurement, Uprooting, Fluidity, 






Dis-measurement: Acknowledging the premise of “architecture (technology) as an 




























































§  6.2 The Integration of Digital Architecture = Living Interactive 




































































































§  6.3 Translating Principles from Evolutionary Development 
Biology to Organic Bio-Architecture Designs.
Translating Useful Principles from Evolutionary Development Biology to Rules for an 





















HyperCell: A Bio-inspired Design Framework for Real-time Interactive Architectures.
Simple-Complex 
= Componential System 
On/off Switch and Trigger 
= Assembly Regulation 
Geometric Information Distribution 
= Componential System
Componential System + Collective Intelligence + Assembly Regulation
= Living Creature-like Architecture 
Defining the essential 
geometric components and 
their transformation capabili-









Num: 8A + 2B
Combination 1
Num: 6A + 1B
Combination 2






Developing an assembly principle by 
involving on/off logic(indicate to simple 
+ or - logic) to generate different 
numbers and combinations of the 
derived components to create various 
temporal forms of mature architectural 
bodies.
There is no certain sequence regarding the 
above three principles. Every aspect should be 
consider in parellell in a interelated manner.
The overall mophology is created 
by/collected from each individual local 
mophologic interaction as a bottom-up 
embergence behavior.
Setting up the local protocal communica-
tions for the local scale interactions by 
defining the input/output relationship in 
accordance to the performative ideas (i.e. 
evironmental factors or users demands) via 































§  6.3.1 From “Simple to Complex” to “Componential System”



















§  6.3.2 From “Geometric Information Distribution” to “Collective Intelligence”
















surounding conditions Collective Intelligence
Physical Constrains














§  6.3.3 From	“On/off	Switch	and	Trigger”	to	“Assembly	Regulation”
= Specifying the rules of assembly with different degrees of freedom for kinetic 


















§  6.3.4 Living Creature-like Architecture = Componential System 










































Amount of NumbersM Material Constrain
Amount of NumbersA Adaptive Mechanism
Amount of NumbersL Location Condition
Amount of NumbersG Geometry Possibility
Amount of Numbers
I Interaction Potential
Amount of NumbersP Performance Property
Amount of NumbersE Enviro mental Constrain
FIGURE 6.4  Diagram portraying possible DNA logic implemented in architectural design as a set of 
relationships instead of parameters merely for form generation.
























§  6.4 The crucial and immediate demands of developing real-
time	re-configuring	space	as	a	living	creature
= taking the users’ requirements as a fundamental variable for real-time spatial re-






















This research would like to place a major emphasis upon users demands as a 







“The kinetics for spatial optimization systems are generally described as how systems 
can	facilitate	flexible	spatial	adaptability.	Multifunction	designs	differs	from	spatial	
optimization	system,	because	these	systems	specifically	provide	the	means	for	





















architectural response to a particular problem is too slow. Architecture must concern 
itself	with	the	socially	beneficial	distortion	of	the	environment.	Like	medicine	it	must	








conditions outside the building and performance-based aspects of the building to 
include predicting and reacting to information inside the building, which includes 
understanding and monitoring the changing needs to the users of space”. These, 
illustrate not only a shift in focus from external to internal environments in interactive 






























“...Current advancements in metamorphic, evolutionary, and self-assembling robot, 
specially dealing with the scale of the building block and the amount of intelligent 
responsiveness	that	can	be	embedded	in	these	modules,	are	setting	new	standards	for	
the construction...” indicates precisely to central notion of developing an intelligent 


























































































































§  6.5.2 The Applications of a HyperCell Furniture System and Future Evolution
After having a general picture of its geometric transformation principles as well as how 
the HyperCell can compose a HyperBody’s parts, it is time to discuss the applications of 
the HyperCell in terms of a furniture system. The phrase “Our furniture might someday 
































{ 5,1,1,1,1 } { 1,3,4,1,1 }














































































§  6.5.3 A Series of Developments with HyperCell












































































































3 HyperCell: Turns Simulation into an Immersive Virtual Reality Experience67
After exploring the geometric developments of HyperCell with several computational 
simulations and setting up the GUI as manipulating protocols with each HyperCell, the 


























§  6.6 Brief Conclusion
In brief, the research so far illustrated the ideal features of the body-like interactive 
Bio-architecture (as new organic architecture) which has borrowed the six points from 










biotic principles such as “Simple to Complex to derive Componential Systems”, 




















§  6.7 Living creature-like space with its own intelligence and behavior

























is an architecture that breathes, pulse, leaps as one form and ends as another…it is 










Oosterhuis. “True hyperBodies are proactive bodies, true hyperBodies actively propose 
actions. They act before they are triggered to do so. HyperBodies display something like 
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The Rain Mode is triggered by the presence of people (tracked by Kinect) within 
the allocated installation space. A high-velocity downpour of 640 agents/particles 
constituting the installation akin to heavy rainfall is immediately set in motion. The 
agents gradually reduce their speed of falling and completely cease to do so in certain 
locations in space. This is accompanied by a change in the color gradient of the agents 
(from magenta to dark blue), indicating the change in the velocity levels of the agents; 
from high velocity to a stable and calm state.
Follow Mode:
This is the first instance that participants provide an impulse to the agents. 
Each movement of the participant creates a flux in the agent field (based on the 
aforementioned swarm principles) within which they are immersed. The swarm logic 
further entails that the agent propels its movement to the nearest neighbors and thus a 
ripple is sent through the virtual field as an emergent global outcome. It was observed 
that over time, the swarm of agents in space tends to follow the average direction 
of movement of the participants (if they move in the same direction). However, if 
two participants attempt to move in opposite directions, the swarm tends to remain 
stable. Furthermore, differential agent velocities of the entire swarm are the result 
of the participant’s movement velocity and thus tend to speed up or slow down, 
with high-velocity states depicted as magenta and low state as blue. This mode thus 
subtly engages the participant via responsive interaction and hence provokes physical 
movement of the participants (Figure 6.19, Follow).
Spike Mode:
The Spike Mode involves the introduction of geometry using the volumetric projection 
system. In this narrative, along with all the existing colored agents, pure white lines are 
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exhibited (line-connections). These lines are directly connected to the distances between the 
nearest agents of the swarm and are specifically triggered by tracking of the participant’s 
body joints. Both hand and feet joints of the participant’s digital skeletons (as seen via 
Kinect) are specifically chosen. Thus, while waving one’s hands and feet, any two agents 
falling within this waving path, which is triggered establish a connection depicted by a 
white line to be drawn between them. Because of numerous autonomous agents floating 
around the participants, they can freely and easily generate these flashing lines and start 
manipulating them once they unravel this simple logic. Some characteristics of the Follow 
Mode, such as the panning effect and color gradations are retained in this narrative and tend 
to seamlessly blend with the characteristics of the Spike Mode. (Figure 6.19, Spike).
Disturb Mode:
The Disturb Mode is the narrative where a shift from responsive to pro-active interaction 
germinates. Participants lose the ability to influence the movement of swarm agents 
using their own body movements. Additionally, all the agents, as autonomous entities 
start losing their energy, turn transparent and become almost invisible in space. In 
reality, once the agents lose their momentum, they become imperceptible and acquire 
a state of readiness for new stimulation from the participants. By touching, pushing, 
swinging the invisible agents, the participants actually feed/pass the agents energy 
and trigger their movement again. Each participant’s hands and knees, now, become 
activating nodes, which, in turn, influence the agents, based on the momentum 
produced by the movement of the participant’s joints. The faster the participants move, 
the larger the area of influence of the agents is, and thus the impact on the agent’s 
velocity and energy is also stronger. The swarm logic behind the scenes implies that 
active agents seek to influence other passive neighbors and thus set forth a non-linear 
movement. It was observed that the participants tend to become keen and keep trying 
different body postures and movements to gradually set the dormant swarm in action 
once more (Figure 6.19, Disturb).
Attract Mode:
The Attract Mode involves the swarm of agents to suddenly and aggressively move 
rapidly towards the participant. This is also accompanied by the agent’s switching their 
color to an aggressive red and yellow gradient. In this mode, the agent simulations are 
programmed to be attracted towards the participant’s hands and feet in order to create 
virtual polygonal geometries in space. Over a period of time, these virtual polygons 
unknowingly produced by the participants also appear in white along with other colored 
agents thus distinguishing the polygonal geometries the participants generate. Once 
the participants become aware of this game-play, they instinctively start attracting the 
agents via producing strange but interesting movements, such as changing moving 





In the Nurbs Mode, the participants are allowed to push, wave, and touch the agents 
similar to the Disturb Mode. In addition to this, a continuous transforming nurbs 
(spline-line) is materialized based on the agent aggregation based density in space. 
On an average, ten locations coinciding with ten densest locations of the agents in 
space are selected as control points to construct the nurbs. Since the agent densities 
can be impacted directly by the participant’s influential movement in space, the nurbs 
geometry fluidly morphs from one shape to another shape (Figure 6.19, Nurbs).
Rain-Up Mode:
Before the “Rain-up Mode”, the “Follow Mode” is exhibited again to gently inform the 
participants that the experiential installation is nearly towards the end. After a few 
minutes of “Follow Mode”, the participants entirely lose their control over all the agent 
movements and only witness the agents flying back up to the sky. All the agents will fly 
up with high velocity and gradually slow down to cease in a certain location in space. In 
terms of color, all the agents start with magenta representing higher speed and become 
dark blue corresponding to the velocity each agent embodies. Towards the end, all the 
agents lose their momentum, turn transparent and tend to fully disappear. Hence, 
the whole space returns back into an entirely dark state awaiting the next group of 





































help it to react in different contexts. “…it is an architecture that opens to welcome 
me and closes to defend me” (Novak, 1991) and “…they sense, they actuate, but 













































HyperLoop Simulation, a mere step before physical prototype















































































































































































§  6.8 Conclusion
“If a building could change its posture, tighten its muscles and brace itself against the 
wind, its structural mass could literally be cut in half,” said structural engineer, Guy 
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